Mahalanobi s's Gener alized Distanc e and stepwise discrimin ant function analysi s are applied to 32 measurem ents (transformed into C-scores ) re corded in 2,468 male crani a representing 53 different prehistoric, modern and near-modern human groups. Included are cranial series from Polynesia, Micronesia, Melanesia, Australia, Southeast Asia, and East and North Asia. The prehistoric series include Bronze Age Chinese from Anyang, Bronze Age Thai, and several early Japanes e series including Jomon, Yayoi, Kofun, Kamakura and Edo periods. Two major biological complexes, an Australo Melanesian and Asian, are indicated in these results based on skull mea surements. Polynesians fall with the Asiatic sphere and are closest to island Southeast Asia. Austron esian -spe akin g Atay al are so mewhat related to Bronz e-age Chinese (Anyang) and Chinese living on Hainan and Taiwan islands. There is no support for a Jomon-Pacific (nor Japanese-Au stronesian) connection in these craniometric results. Modem Thai are not especially close to any groups outside mainland Southeast Asia. Bronze Age Thai , although isolated , are morphologically closest to some of the island Southeast Asian series. Further work , especially using the Vietnamese and Ryukyu Island series, is warranted .
SKULL MORPHOLOGY.
The observation th at s ig nific ant va riatio n in s kull morphology exists amo ng recent and near-recent members of the human species , Homo sapiens, is longstanding. Currently, one of the major co nce rns in human e vo lutio n is th e origin of our own species and the geographic al di stribution o f modern hum ans after their phylogenetic origin s, an event so me pl ace at about 200,000 years B.P. Furthermore, studies of ske le tal and skull morphology have be en equally useful in understandin g the evolu tionary hi story of the entire hominid family, which now stretches back over 5 million years ago.
The e arliest stud ies in physical anthropology, prim arily exerci se s in typo lo gical racial classification, were un able to adequately document and interpret human biological variability. Since then, however, new s tatis tic a l theory , that prehistoric Japan is the possible source of both the biological and linguistic ancestors of the modern inhabitants of Remote Oceania (Brace, Tracer, & Hunt 1991:257) . They further identify the Jomon inhabitants of the Japanese and Ryukyu islands as the likely ultimate ancestors of Micronesians and Polynesians . This view will undoubtedly find favor among linguists who are advocates of the Austro-Japanesc hypothesis.
Turner, who has performed numerous dental investigations using skeletal series from the same region, also sees a connection between Ainu, Jomon, Polynesians, and Southeast Asians. These latter are characterized as possess ing the Sundadont dental complex, one that is distinct from a second complex found among North Asians (Japan, China, Mongolia, Northeast Siberia, and American Indians), the Sinodont dental complex . Unlike Brace, however, Turner does not see prehistoric Japan as the ancestral source of Austronesian speaking peoples, or more specifically, Polynesians. Rather, most recently, Turner has suggested that Southeast Asia is the possible ultimate homeland of all modern populations (Turner I 992b) .
In this paper, the historical-biological relationships of Pacific and Asian people are further explored using craniofacial variation and the application of multivariate procedures to one aspect of this variation, craniometric variation . The approach used is model free, where measures of biological distance and discriminant function analysis are used to investigate patterns of biological variation, and to generate hypotheses relating to the historical-biological relationship, or phylogenetic history, of Asian and Pacific populations. This new craniometric analysis expands earlier work (c.g., Pietrusewsky 1984 Pietrusewsky , 1990a Pietrusewsky , 1990b Pietrusewsky , 1992a Pietrusewsky , 1992b Pietrusewsky et al. 1992 ) which focuses on cranial variation in Australasian and Pacific groups. Although it is not al ways possible to match cranial series with language groups, studies of skulls provide an alternative yet complimentary approach for assessing patterns of relationship which may then be compared to the perspectives advanced in lin guistics and archaeology. The data are broad enough, to allow at least a few preliminary statements regarding biological connections between the inhabit ants of Asia and the Pacific, which in turn will permit an evaluation of some of the current major hypotheses relating languages of the Asian mainland with Austronesian-speaking peoples.
MATERIAL AND METHODS

SAMPLES.
This study uses 53 male cranial samples, totaling 2,468 specimens, which with one or a few exceptions, are similar to the skull series used in a recent study (Pietrusewsky 1992b) . The present study has removed a small series representing Ainu skulls from Sakhalin Island and has added a modest series of skulls from Tonga in western Polynesia. Further modification o f the o rigina l data se t includes a reductio n in the sample siz es for severa l series in an attempt to make all samples of mor e uniform size. For a few other series, se veral new spec imens have been added. The names, number of crania and oth er information pertaining to each of the se series are given in the Ap pendix. Th e series includ ed are from Polynesi a, Micronesia , Melane sia , Au s trali a, Indon esia , Southeast Asia , and Eas t and North Asia. The approximate location of these cranial series is shown in Figure I. 3.2 CRANIAL MEASUREMENTS. Thirty-two standard cranial measure ments comparable to tho se defined by Mart in (1957) and Howells (197 3) are used in the present study. Thi s numb er represent s the largest set of measure ments recorded for all the comparati ve series used in the present study. M issin g mea surements were replaced with regre ssed values obtained through stepwise regre ssion analys is using the computer program, PAM, of the UCLA Biomedical Computer P-Series (Dixo n and Brown 1979) . Because complete or nearl y complete specimens were initially selected, very few mea surements were actually replac ed using this method.
3.3 MULTIVARIATE STATISTICS. Two multivariate statistic al proce dures used in the pres ent study are stepwise discriminant functio n anal ysis and Mahalan obis ' s Generalized Distance.
3.3.1 Stepwise Discriminant Function Analysis. The computer pro gram, BMDP-7M (Di xon and Brown 1979), wa s used to pe rform the discrim inant analysis. The major purpo se of discriminant analysis is to maximize the ratio of between-group variance to total variance , while taking into account the inter correlation of variables, by produ cing a finite series of orthogonal function s. The first few canon ical variates, or functions, account for most of the variation amon g the groups. The techn ique further identifies which variables are most respon sible for the observed differentiation . In this study, the interpretation of discriminant function s and the patterns of group separatio n is based on an inspection of stan dardized canonical, or discriminant, coefficients. Finally, after the stepping pro cess has been co mpleted, each individual specimen is classified into one of the orig inal group s based on the several discriminant scores it receive s. The results are presented in the form of a classification matrix . The "co rrect" and "i ncorrect" classifications provide a general guide for assessing the homo geneity or hetero geneity of the original series. Although origin ally designed to assign an unknown specimen to one or more group s, discriminant analysis has been shown to be es pecially useful as a measure of variation between groups (Campbell 1978) . The mathemati cal basis of tills technique is discussed in Gold stein and Dillon (1978 ) . Bec au se many of the gen eral assumptions of multivariate normality and equ ality of group cov ariance matrices are rarely met (Corruccini 1975) , tests of significance are not used in interpreting group differences identified in the pre sent study . (Mahalanobis 1936) was applied to the same data analyzed by discrimi nant function analysis . Generalized Distance, the sum of squared differences, provides a single quantitative measure of dissimilarity (distance) between indi vidual groups using many variables while taking into account the intercorrelation between the variables. The average linkage within group (or Unweighted Pair Group Method) clustering technique was the algorithm selected to construct the diagrams of relationship, or dendrograms, based on Mahalanobis' Distances. This technique combines clusters so that the average distance between all cases in the resulting cluster is as small as possible and the distance between two clus ters is taken to be the average between all possible pairs of cases in the cluster.
3.4 REMOVAL OF THE SIZE-BASED COMPONENT: Z-SCORES AND C-SCORES. Raw measurements were converted into Z-scores, which in turn were used to generate C-scores as defined by Howells (1989) . In this method, raw measurements are subject to a double standardization procedure. Z-scores are computed both across variables for each case (so that equal weighing is given to each variable) and across cases for each variable (to negate absolute size differences between individuals) (Green 1990:299) . Z scores, which may be negative or positive, are equal to the number of stan dard deviation units by which each measurement in question departs from the mean of all the population (or general) means. This latter procedure avoids undue weighing by uneven sample sizes. The use of C-scores compensates, at least partially, for the size differences, which may have an unequal influence on the patterns of variation, although previous studies (e.g., Green 1990, Pietrusewsky 1992b) have found that removal of this size-based component has had little or no effect in interpreting patterns of craniometric variation. Size is defined as the magnitude of a vector of measurements on an organism, while shape is a function of relative proportion normalized by size (Corruccini 1987:289,290 ).
RESULTS
STEPWISE DISCRIMINANT FUNCTION ANALYSIS. A ranking
of 31 (of the 32) cranial measurements according to the E-values received at each step of the discriminant analysis is presented in Table I . The highest ranked variables include alveolar length, nasion-prosthion height, minimum cranial breadth, the nasio-occipital leng th. In other words, palate length, up per facial height, the breadth of the skull, and cranial vault length are entered first into the stepping process as crucial discriminating variables.
Eigenvalues, the percentage of total dispersion and the level of significan ce for the first eighteen discriminant functions, are given in the next table, Table 2 .
Th e first three vari ates, or functi on s, acco unt for 64 .7% of the tot al vari ation. All eigenvalues in th is table are significa nt at the 1% level.
Ca no nica l coefficients for 3 1 crania l mea sur ements (C-scores) for the first three canonical var iates are listed in T able 3. Th e first ca no nical variate se pa rates most importantl y o n the basis of the cr ani al va ult len gth, upper fac ial height (nasio n-pros thion), min imum crania l breadth (at the base of the skull), and biorbital breadth. Thi s functio n ca n be describ ed as a vault len gth , upp er facial height, and cranial vault breadth discrimin ator. Differen ces in the length of the cranial vault, and cranial base length , minimum cranial vault breadth , and palate breadth are responsible for the group separation achi eved in the second canonical variate. Discrimination produced in the third canonical variate is based primarily on differences in nasal height , cranial height , frontal base length, and nasal-frontal subtense. A plot of the gro up mean s on the first two canonical variates is shown in Figure 2 . Several distinct constellations are apparent in this two -dimensional representation. The Australi an and T asmanian Aborigines gro up with the Melanes ian series. The small series from the Caroline Island s of Micronesia groups with the latter cranial series. Cranial serie s from island and mainland Southeast Asia form anoth er group that includes the Bron ze Age Th ai and the Atayal from Taiwan. The modern Chinese series form a tight cluster to whic h Bronze Age Chinese from Anyang, Korea, Man churi a, and Mon goli a are at tracted . The Jap anese series form anoth er distinct group to which Ainu and Jomon join as peripheral members. The Polynesian series are well separated (2), Anyang (2), Thailand (3), and Philippines (4) . Mi sclassitied Hainan cases includ e those assigned to Anyan g (4), Kanto (2), Ryukyu (2), Thailand (2), and Taiwan (4). Ryukyu cases are misclassified to Atayal (3), Anyang (4), Korea (2), Ainu (3), Jomon (3), Thai land (3), and Yayoi (2) . Four of the Thai specimens are assigned to Vietn am.
MAHALANOBIS'S GENERALIZED DISTANCE. Mahalanobis's
Generalized Distance was applied to C-scores analy zed by discriminant func tion analysis. Applying the Unweighted Pair Group Method clustering algo rithm result s in the dendrogram shown in Figure 3 . The initial split, indicat ing the greatest dissimilarity , is between a branch containing the Australian and Melanesian series and all the remaining cranial series . The series from Mongolia is the next to separate from the remaining groups, attesting to its ex treme morphological differentiation. The Polynesian s, and a single sample of Chamorro from Guam , form a separate branch that splits before all the re maining Asian series clu ster. Mo st of the Chinese series (mainland, Hainan Island, and Taiwan) and Man churia form a separate branch. The Japanese se ries, from Yayoi to modern times, and Korea forrn a second constellation, to which Ainu and Jomon are marginally related. Finally, the series from main land and island Southeast Asia group together. The small Bronze Age Thai sample remains outside these mainly Asiatic clusters. Some of the original distances are given in the matrix presented in Table 5 . In this matrix , the larger the value, the greater the dissimilarity . Smaller values in dicate greater similarity. Not surprisingly, the values between East Asian and Au stralian series are unu suall y high . Polynesians are closest to the Southeast Asian series. The Atayal series is closest to Korea, Ryukyu , and Anyang, fol lowed by the series from Southeast Asia. The distance between Jomon and Ainu (4.1) is one of the smallest in this sampling of values . Taiwan Chinese are clo s est to Hainan, Anyang, Vietnam, Korea, and Atayal , in that order. Similarly, Hainan Chinese are closest to Taiwan, Anyang , Atayal, Thailand, and Ryukyu . Vietnam is close st to the Philippines, Thailand, Atayal , and the Lesser Sundas. Bronze Age Chinese (Anyang) are closest to Korea , Hainan, Ryukyu, Taiwan, and Atayal. Ryukyu is closest to Yayoi , Jomon, Kore a, Anyang, and Ataya\. Other values (not shown in the limited sampling provided) suggestive of biologi cal closeness to the Ryuk yu serie s include Karnakura (1.6), Yayoi (2.7), Kofun (3.3), Kyushu (3.9), and Tohoku (4.4).
DISCUSSION. Without que stion, several different language families and
language subgroups are represented in the cranial serie s investig ated. Although the assignment of a specific langua ge group to some of the cranial series used in the present study may prove difficult , a few general correspondences can be ad vanced . Some (e.g., Sepik River) of the Melanesian cranial series undoubtedly represent Papuan (Non-Austronesi an ) speake rs while others may include Austronesian speakers. The Australian cranial series belong to a very different language group. The Polynesian and island Southeast Asian series fundamen tally represent Austronesian speakers. Th e cranial series from Vietnam and Bachuc Village may represent Austroasi atic language speakers, while Thailand and Laos probabl y correspond to speakers of the Thai language. Unfortunately, crania from Cambodia (supposedly Khme r speakers) and Laos have been com bined in the present study . The remaining series from Japan, China, Korea, Man churia , and so forth primarily belong to the Eurasiatic superfamily.
The sha rpes t separation in the present study, which mayor may not be ar any resemblance to language affiliation , is the distinction between the Australo Melane sian and all remaining Asian cranial series , a separation suggestive of separate origins of these two major groups. There is sufficient cranial morpho log ical resemblance to unite Melanesians (apparently, Austronesian and Non Austronesian speakers), Australians, and Ta smanians into a separate branch irrespective of their language assignment. Polynesians-Austronesian spcakers form a southern branch of the larger Asian di vision , sugges ting a biological homeland for the Austronesians within the Asi an sphere, a view suppor ted by some linguists (Blust 1984-85) . Within the latter, Polynesians are clo sest to Southeast Asia, especially island Southeast Asia (e.g., Lesser Sund as, Sulawesi, and Sulu), although other connectio ns are further evident.
Contrary to the view ex pressed by Brace, who cites lingui stic evidence (Ohno 1970 , Murayama 1976 , Chew 1978 to stren gthen his view, a close bio logical connecti on between preh istoric Japan (and the Ainu) and Polyn esian s is not suppo rted by the present multivariate craniometric study. A similar co nclus io n has been reach ed by several different researchers using skeletal data (see e.g., Hanihara 1993) . It should be stre ssed, howe ver, that while other linguists (e.g., Kaw amoto 1982) have championed a connection between Old Japanese and Austronesian, Brace points to Jomon Jap an as the source rather than the recipient of Austronesian immigrants. Further, the present result s fail to support the view expressed by Brace and Tracer (1992) that the Kamakura (victims of the A.D. 1333 massacre at Kamakura Cit y) are clo sely related to the Ainu of Hokkaido. In the present study, the Kamakura se ries links wi th Ryukyu ,Yayoi agri culturali st s, and Kofun-period Japanese . Th e Ainu and lomon cran ial series form an isolated branch in the pre sent diagrams of rela tionship peripheral to eas tern and northern Asian s.
Of special interest is the connection betwe en Bronze Age Ch inese (Anyang) and modern Chinese o f T aiw an and Hainan islands and the Austrones ian speaking Atayal of Taiwan, which par allels the linguistic reconstructions of Sagart (1993) th at link Old Ch inese with Proto-Austronesian . Simil arly , although the Bronze Thai series used in the present study is isolated , it ultimately connects with other cranial series from Southeast Asia, such as Borneo and Java, links which may support other linguistic models. The biological connec tions found in the present study between Vietnam, the Philippines, Borneo, the Lesser Sundas, and the Atayal are provocative. A recent study of mt DNA (Ballinger et a!. 1992) has found that the Vietnamese are the most di verse and hence the oldest population in a survey of seven Asian groups. The relative closeness of the Ryukyu series to modern and premodern Japan (e.g., Yayoi, Kamakura, and Kofun) as well as series outside Japan such as Korea, Anyang, Atayal, and Hainan Chinese is worthy of further inquiry.
Finally, corresponding to what other physical anthropologists have re ported (e.g., Brace, Tracer, & Hunt 1991 , Mongols are the last group to join the Asian cluster, suggesting the inappropriateness of the term "Mongoloid" to represent this major subdivision of humankind.
6. CONCLUSIONS. The results of this new multivariate craniometric analysis will hopefully provide a basis for independent assessment and discussion of the current linguistic models that purport to show genetic rela tionships between Austronesian and languages spoken on the Asian mainland. Although unequivocal support for any of the current major linguistic hypoth eses linking Austronesian and Asian mainland languages is lacking, points of agreement between biological and linguistic reconstructions exist. The main results may be summarized as follows :
I . The indigenous inhabitants of Oceania and Australasia group into one of two major complexes, an Australo-Melanesian or an Asian division.
2. Polynesians occupy a separate but isolated branch within a larger Asian complex.
3. Other Asiatic clusters include a Southeast Asian, Japanese (with a separate Jomon-Ainu component), and an Eastern and Northern Asian branch.
4. Cranial series representing Taiwan and Hainan, Bronze Age Chinese, and Atayal form a separate group possibly suggestive of an Old Chinese-Austronesian connection.
5. Bronze Age Thai, although marginal, groups with island Southeast Asia, possibly suggestive of an Austro-Tai (or Tai-Kadai) connection.
6. There are craniological similarities between Vietnam, island South east Asia, and Ataya!.
7 . There is no support for a Jomon-Pacific (or Japanese-Austronesian) connection in these results. Ancient skeletal remains exhumed in the modern city of Hangzhou , Zhejiang Provinc e, in eastern China .
APPENDIX: FIFTY-THREE MALE GROUPS USED IN THE PRESENT STUDY
Ancient remains exhum ed from the modern city of Nanjing, Jiangsu Province, in eastern China.
A majority of these specimens date to the Ch'en dynasty (A.D. 1796-1908) and are from Chcngdu, Sichuan Province, in western China. Ten crania are from Lcshan, Lizhong County, Sichuan Province. Kong in 1978 Kong in -1979 Bronze Age (eleventh century B.C.) Shang dynasty sacrificial victims excav ated at Anyang in northern Henan Province in northern China (Li 1977) .
Specimens represent individuals who died in Hong
Modern Chinese living in Taiwan who trace their immediate origins to Fujian and Guangdong prov inces on the mainland of China.
Chinese immigrants originally from the Canton re gion of China who began arriving around 200 B.C. (Howells 1989:108) . This material was excavated by T. Kanaseki in Haikou City on Hainan Island.
The specimens in Taipei represent slain victims of Atayal, the second largest surviving Aborigin al tribe in Taiwan . The incident took place in 1932 and the specimens were collected by 1'. Kanaseki in the same year (Howells 1989:109) .
Many of the specimens are from northeastern Chin a or the region formerly referred to as "Manchuria," which today includes Heilongji ang and Jilin prov inces and adjacent northern Korea. A great many of these specimens are identified as soldiers or cavalry men who died in battle in the late nineteenth century.
Specifi c locations in Korea are known for most of these specimens.
423a ERRATUM INSERT OCEANIC LINGUISTICS, VOL. 33, NO.2 . . A dissecting room population of modem Japanese from the Kanto District of eastern Honshu . The majority of the individuals were born during the Meiji period and most died well before 1940.
Dissecting room specimens of modem Japanese from the Tohoku District in northern Honshu Island.
Modem Japanese which derive mostly from Fukuoka Prefecture in Kyushu Island. Other specimens are from Yamaguchi, Saga Nagasaki,and adjoining prefectures.
The specimens arc from the Joshinji (Tokyo) site and date to the Edo Period or approximately the seven teenth to mid-nineteenth centuries .
Specimens are from the Medieval mass burial sites of Zairnokuza and Gokurakuji in the city of Kamakuru, victims of a war that occurred in 1333 .
The Kofun period follows the Yayoi period, and these sites are dated from approximately the third century
A combined sample of Yayoi specimens from Doiga hama (39), Yoshimohama (14), and Nakanoharna (2) sites in Yamaguchi Prefecture. The rest (7) are from Koura, Shimane Prefecture, in southern Honshu Island. Most of the specimens represent dissecting room cases from Bangkok.
Sample includes specimens (10) from Ban Chiang, a neolithic site (First-Fourth millennia B.C.) in north eastern Thailand, and two specimens each are from Ban Na Di (1000-300 B.C.) and Non Pa Kluay (prehistoric Bronze to Iron period), sites located in northeastern Thailand.
Most specimens are from Luzon Island.
Crania from Bali, Flores, Sumba, Lomblem, Alor, Timor, Wetar, Leti and Barbar Islands.
A great many of the specimens are indicated as repre senting Dayak tribes, some have elaborate deco rations.
An exact location is known from many of these specimens.
Crania were collected from several different locali ties in Java. 
NOTES
